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ARSTRACT 

The WL Separations ProcessI stack.effluent is evaluated. The adequacy and 
size of the f& effieicncy of a&l the sampling instrumenta are determined. The 

~~r~Peles entrained in the stack are studied under both the light and the elec- 
~zY2!! ?z.i ergs crop2 , The mean particle SiZt3 is les8 than 0.05 microns. Autoradio- 
@%ph?s of the particulate material indicate that the majority of the activity is 
Bepes$tea ~fl these sub-micron particles. 

- Chamic@I separations of the material deposited on the Hollingsworth and Vase, 
1-76 P$2ter papora %d the caustic scrubber aro made. The rare earths comprise 
tile largest portion of the particulate activity while Ru-106 is given off in 
re%et,$veQ ~&Y;P! quantities during the Head End Operation. 

The ret2ativo percentages of the activities given off during the most impor- 
tant phases Q$ the Separatione Proces8 are tabulated., The KAPL stack effluent is 
fhen ovalusted gn the basis of the MPC recommended in the Bureau of Standards 
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jVALuATION OF TXE KAPL SEMRATIONS PROCESS STACK EFFLUENT 
. . . ^ . . 

. 
An evaluation of the KARL stack effluent from the operation of the scpara- 

tlone process wns conducted;. to determine the environmental and biological ef- 
fects of the Pilot Plant operations, to establish maximum permissible limits for 
diechar~ of the effluent to the.atmocphero, and to detormino whether more 
stringant control of the discharge of activity would be required at higher (gm 
Pu/ton U) operating lovele. 

The air monitoring and air cleaning system for the aeparatione process 
oporatione ia schematically illustrated in Figure KH-gA2403. This stack Is ap- 
&oximately 100 feet high and 3 feet in diameter. The gaseous and psx-ticulate 

i- 
f 

material emanatirg from the separations process ia passed through a cauotic 

I 

scrubber which takes out 8030 of the volatile components while tho CWS-6 filters 
'are over 99 per cent efficient in the collection of most particles, The stack 

j 
effluent is ssmplad at the top of the stack after it haa been diluted by a fac- 
tor of approximately 103 by the room air. At distance8 from the stack, constant 

I. 
I 

@.r monitors are located in selected sites to check the radioactive concentrations 
1' . at various points near ground level. Vegetation esmplea are collected and sna- 

lyzed on a regu& schedule to evaluate the accumulation of radioactivfty on the 
vegetation. . 

The evaluation of the stack effluent required the howled&e of; the total 
activity discharged, the particle size distribution of the activity discharged 

I from the stack, the isotopic composition of thi6 activit;3-, and the dispersal of 
tha radioactive material from the,stack. Each of these requisitea will bo die-, 
cussed briefly; 

-. _ . 
-. A 

I 

i TOTAL kCTrVrTY . . 

; 
; - :The determination of the total activity discharged from the stack involved 

the Investigation of; the adequacy of the sampling unita, the efficiency of each 
of the sampling unita, representative sampling, and the absorption of alpha and 

1 beta activity in the filter media. 'I 
I As Illustrated in Figure KE-gA2403, the sampling eJsten consists of a fil- , 
ii 'ter unit to collect efficiently the entrained particulate material followed by a : 

: caustic scrubber to collect such radioactive components as ruthenium and iodine 
'which may b:, readily volatilized. This sampling system was considered adequate -~ 

5 since It' 
-_- --- --- - ccllect-s- or detects a portion of the ~radio%35it~y disc-hfrgcd _ -. 

&om -th,:B stack with-a k6o-m- efficiency. -'The efflc!&&cios~~,of the-Holli.ngsk;orthi.: i 
' -and-Vase, Ef-70'filtor paper were-determined for a particle dcnoity of 2.7 gm/cmj.-- _ ___- --. 
i- w&?-h wide range of particle oi-zes-& linear face velocities. At an operating 

* 
' face velocity. of approximately 'j cm/set the H-70 filter paper was 97.7 par cent 1. : for 0.2 micron prticlee. The efficiency of the caustFe acmbbor ohm-n in 

i 
Figure E-l.l04411+ was determined for a varloty of flow rateo, quantities of bar1 

.i saddles and of caustic aolutiono. In the range of oporrrting flow rates the ef- 
,-ficj.e~~-- wa.~ 95 par cant for the collection of vo&atile .iodine. 

__. . 
i / 

.- 1 Iooklnotic oampli,ng was connidorod sinca it lo not only neconoary that the.-'---' 
monitoring nyc-tern be adequate but that the sample taken be reprooontativo. 

- h7.though the oyotm wm deoignod for lookinotic osmpllr~, particle oizo annlynao 

_.-___ . - ” 
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'm mat30 tho nood for the balancing of tho eamplin~ and otack llnonr flow ratco looo 
strin&mt. 

. Absorption studioo of tho alpha and bota fioaion product activity of the 
entrained particulate matorinl collected in tho H-70 filter papero mvealod av- 
era60 aboorptiono of 55 and 25 par cent for the alpha end bota activitieo, re- 
spactivoly . .- ._._ _ . . _ _ . _~ ---. .c- 

. 
..I PARTICIJZ SIZE DISTRIDUTION OF STACK EFFLUENT 

. 
. Since the stack effluent due to separation8 oporations is composed of a 
heterogeneous mixture of entrained radioactive and non-radi&ctlve particles, . 
the particle olze distribution was studied in relation to the physical eize of 
the heterogeneous mixture of the particles, and in relation to the radioactive 
distribution. r _ 

The molecular filter paper was ueed a8 a filtering medium to collect a 
representative sample of the stack effluent. This type of filter paper was 
'chosen for its efficiency In the collection of aubmicronic particles and ease in 

. detecting particles In the same medium under the microscope. The particle size 
distribution during varioue chemical operations of the Separations Process are . . 

. illustrated in Figure KH-PA2354. The data reveal the. abundance of sufnicronlc 
particlea and the similarity of distributions during various phases of the 
chenical process. A geometric mea of 0.2 micron in each case is readily ob- 

t served when the data are plotted on log-probit paper as shown in Figure 2X&2354. ,' 
An avarage of 10 analysaa during all phaees of the process aa shown in Table 1, 
Indicated a geometric rnem of~0.2 micron and a standard deviation of 2.7. Since 
the limit of detection with the light microscope is O.lmicron, it was felt at 
the tine that the true goozetric mm was less than 0.2 ml.cron. This feel~g wm 
titer substantiatedby electron microecopic analyses of.the filter samples and 
by autoradiographic studiee of.the radioactive particle size distribution. 

Repetitive 
Run 
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. TABLE1 

SIZE DISTRlB~IC?ITS OF PARTICUUTE MATXRIAL _,___,_. ___, .,.--;. __.. 

Separations Geometric Mean, -. 

Operatian microns Standard Deviation 

Dissolving 
s Dissolving 

Dissolving 
Dissolving _ 
Disoolving 
Dissolving ' ' 
Head-End 
Head-End 
Extraction 
Extraction 

0.2. 
..2‘, ..‘. 

.2 

.2. : 

.2 

.2 

:i 
.2 
.2 

2.5 
3.1 ‘. 
2.9 

-2.7 ’ 
2.6 
2.6. 

25 

‘3 . 

The modiflod caoccde impactor with a molecular filter paper in t>@ fifth 
atage was uned to detoxmino a rolutionehip botwoon particlo oizo and activity, 
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men vith flow rates of 34 l/min through tho impactor, nearly all of tho activity 
was deposited on the molecular filter paper, indicating that moot of the activity 
was conposed of or deposited on sub-micronic particles. 

. Autoradiographic techniques were investigated to determine ,further the re- 
lationship between particle size and radioactivity. A stripping film technique 
similar to the methods employed by La' Riviere * and Boydw indicated the preocnco 

'of many sub-microscopic particles and the need for electron microscope studies. 
Samples were analyzed under the electron microscope at the General Electric ,. 

Research Laboratory. Silicon dioxide was evaporated on a small section of the 
Millipore filter, under a vacuum of 0.1 micron of mercury. This section of the 
filter paper was then dissolved in acetone. Upon hardening, the silicon retained 
an impression of the surface structure of the filter and served to hold the 
sample particles in position. The electron micro-graph of an unexposed filter 
paper used for control purposes is shown in Figure llZL2l2; The surface of the c 
Millipore filter paper under a magnification of 15000 is seen in this electron 
micrograph. The elactron micrograph of a portion of an exposed filter paper 
which had a geometric mean and standard deviation under light microscope studies 
similar to those previously indicated, is illustrated in Figure 1121213. The 
number of particles in the range of 0.01 to 0.05 micron are far in excess of 

The true geometric mean, then, is closer to those greater than 0.05 micron. 
0.05 micron than 0.2 micron as deter;I?--, +ned-under the light microscope. 

ISOTCPIC DETEP&IRATION OF FISSION PRODUCTS DISCKARGED FRO:4 PIICT PLANT STACK 

Gnawledge of the isotopes contributing to the discharged radioactivity was 
an important requisite in this investigation. 'The biological effects and con- 
sequently the msximum permissible concentrations depend not only on the level or 
radioactivity, bu t also upon the body metabolism of the elements that comprise 
the activity. To determine the maximum permissible concentration that may be 
discharged from the Pilot Plant stack, the activity was isotopi'cally analyzed 
during all phases of the separations process for several repetitive runs. 

ISOTOPIC DZTE'RKI~ATION OF FISSION PRODUCTS COLLECTED IN'!FEE PARTICULATE FOR% 
- . 

The isotopic composition of the 'radioactive particulate components present 
in the effluent was determined by radiochemical analyeeo of the Hollingsworth 

These filter paper8 are used as-the particle . and Vase, type R-70, filter papers. 
collecting media in the health physics stack monitoring system. 

Radiochemical malyses of the filter paper samples collected during all 
phases of ths separation process revealed that the radioactivity emitted from 
the Pilot Plant stack in the particulate form was composed of the rare earths, 
ruthenium, zirconium, nioblu;n, barium, strontium, and iodine. - 

-' . 

*US%tDL-342, "An Autoradiographic K&hod of Detecting 
Active Particles in a Heterogonoous Mixture," by Philip D. 
K. Ichiki, April 1952. 

*WI%-209, "Stripping Film TocYniquos for Histological 
Ceorgo A. Boyd and Agnes Williams, May 1948. 

and Identifying Bota- 
LaRiviere and Stophan 

Autoradiographa," by 
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During the initial analyooa of the stack effluent, separations proceoo 
operations without variation in proceduroo wore ropeatod. These procccoco wcro 
called repetitive runs. Tho rolativo proportidnn of beta-gamma emitting radio- 
i8otopo discharged in the particulate form during each of the chemical opera- 
tione for seven ropotitive runs and several non-ropetitivo run3 wore analyzed. 
An analysis of the third repetitive run is shown in Figure MU-9A6l27. The rare 
earths predominated throughout nearly all of the operations, representing from 
approximatokf 50 to 80 per cent of the particulate activity during the diooolv- 
in.g and extraction phases, Ruthenium-106 contributed the greatest portion of 

., the particulate activity during the head-end operationa and, in most instances, 
exceeded the rare earths * during the first part of tho dissolving and latter part 

. of the cake dissolution operations (the third repetitive run shown hose was an 
exception). The cake dissolution operation usually takes place follo;ring the 
extraction cycle but it is physically a part of the head-end. Niobium was 
emitted in varying amounts during all operations, repreocnting from less than 1 
per cent to approxtitely 50 per cent of the particulate actitity. Zirconium 
represented less than 10 per cent of the activity during all operations except 
the cake dissolution. During the cake dissolution zirconium reached a maximum of 
20 to 25 per cent of the particulate activity. Strontium contributed from ap- 
prox45stely 5 to 20 per cent of the activit,y during nearly all of the dissolving, . extraction, and cake dissolution operationa of the third and fourth repetitive 
lTUXLS. The strontium component was as high aa 40 per cent during-the extraction 
cgcle.of the fifth repetitive run. 

The relative proportions of the particulate fission products discharged 
during 5 repetitive and 2 non-repetitive runs are listed in Table 2. 

The rare earths and Ru-106 composed the largest portions of the total par- 
ticulate activity during repetitive and non-repetitive runs. The per cent rcare 
earth particulate activity in the stack effluent appears to be reduced signifi- 

. cant3.y when the cooling t4ae of the slugs are reduced. from 95 to 85 days. Some 
variations in the isotopic percentage of activity discharged, however, are at- 
tributable to the variation in the decontamination factors obtained during dif- 
ferent runs. During the dissolving, head-end and extraction operations,' on the 
average, 5, 85 and 10 per cent, respectively, of the total particulate activity 
was discharged. . - 

ISOTOPIC IDXXTIFICATION Ol? VOLATILE MATERIALS IN STACK EFFLUENT 
, 

The totkl volatile activity excluding the radioactive noble gases, col- 
l&ted in the caustic scrubber &nprioed less than 1 per cent of the total ac- 
tivity‘disc'harged from the stack during all repetitive and non-repetitive runs. 
Analyses of the contaminated caustic solution revealed varying percentages of . 

I-131 and IQ-106 collected in thescrubber during operating phases. The volatile 
componenta 12-85~ Xe-133 and X0-135 detected by the conetant air monitor com- 

. prised the maJority of the activity discharged from the stack. Detail analynes 
of the percentam cczqoaltion of these volatile materials during phases of the 
separations process are given in ~~~-814 and KAPL-863. . . 

*KAPL-~~$ sari?? -Annual Progrooo Raport of Radiological Development Activ- 
ii&n in the Benlth and Safety Unit, Jan.-June 1952. 
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MA)cIMUM RZENISSIBU CONCmiTIONS IN AIE3 AM) STACK EFFUJENT 
. . 

_ . - 
Max. Percentage in MPC in Air, MPC In Stack, 

Isoto?e . Stack Effluent pc cc p cc 
.A . I 

. Beta-Gmm _, _'. -., -I ,. ..: -.- . . 
_M . 

.. ~-85 + xe-133 + Xe-135 \‘--;--- +-- 99 4 x &O-f+* (body) 

ywre Earthe EC Y-91 '14 . 7 x 10-p (bone) 

~11-106 20 3 x lo'* (-.w 1 

. R<-103 50 2 x lo-7* (kidney)' - 
s&g .' : _ : 1. 2 x lo-8* (bone) . 

2x-95 :I lx lo-@* (lung) 

m-95 4 ‘4 x lo-7* (bone) 

Ba-140 --_\. 1 6 x 10-B (bone) __-. . 

14.31 1 3 x 10-p (thyroid) 

._ ‘. 

4 x 10-4 

5 x 10-6 
2 x 10-5 . 
4 x 10-5 

2 x 10'4 '. . 
1 x 10-4 

lx 10'3 _ 

~6 x lo-4 

3 x ,lo-5 

Alpha 
. 

m-239 ( 100 2 x 10 -12* *(bone) 
c . 

2 x-10-10 

._._ .- . _ _ - _. .- _.. .- 

*MX listed in IWLioaecl Bureau of Standards Handbook 52. 
WJPC litited in Iimdbook 52 or ca.lcuhted uohg forniula in Handbook 52. 

W*XPC cr~lculated ustig formula -lieted in Handbook 52. '. _ 
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MILLIPORE FILTER UNEXPOSED-COmROL FILTER 
Maplfication - 15000 - Scale 0.5 micron 

. 
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hIILLIPO!IE FILTER EXPOSED TO KAPL STACK EFFLUENT 
hlagnlflcation - 15000 - Scale 0.5 micron 

. m-1121213 
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